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WG2 - Neutrino Interaction

« Experimental efforts

* 16 talks (12 on cross
section measurement,
2 on electron scattering, Implement
4 on flux prediction) models

« Theory inputs
* 5 talks

« Generator developments Generators
» 2 talks

 Joint session WG1-WGZ2:
Constraining Xsec systematics / Xsec tuning

o 4 talks
e Joint session WG1-WG2-WG6: Near detector constraints
e 5 talks

Improve

‘ models

»

Utilize
generators



Theory Input



Coulomb sum rule Arie Bodek
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Martini Model Marco Martini

The Martini Model showed impressive compatibility with neutrino

inclusive and semi exclusive datasets from MiniBooNE and T2K

- MicroBoooNE inclusive data shows
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Final State Interaction A. Nikolakopoulos

There are various formalism to handle FSI:
The Relativistic Optical Potential (removing nucleons)

The Intranuclear Cascade Model (modelling FSI)
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They agree only at large energies —
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The 1nput to FSI 1s non trivial, models often include FSI contribution



Event Generators



NEUT

Stefan Dolan

Introducing a new dependency of Eb to gz and

improving agreement with inclusive results.

T2K ND disfavour the correction.

New knobs including: Pion interaction probability in

FSI, resonance hadron decay properties

Good agreement with T2K and MicroBooNE

inclusive

Also good comparison to T2K CCOz due to RPA
suppression in LFG
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GENIE

Steven Gardiner

Many new features including:

New FSI models
CEvVNS
Correlated Fermi Gas model

new reweighing knobs and more

—@— MiniBooNE v CCOn data
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Test agains semi inclusive data
JUAN MANUEL FRANCO PATINO
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Experimental Results



MB@
MiCl‘OBOONE Afroditi Papadopoulou, Elena Gramellini

Plethora of new CS measurements with largest sample on Argon

cross checked with 2 reconstruction methods
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MicroBooNE - TKI

All events,

MicroBooNE Preliminary
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uBooNE _

MiCl‘OBOONE Afroditi Papadopoulou, Elena Gramellini
Chris Thorpe, Julia Book

Fuente
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T2K Results

Aol Equchi

® Pi-0 detector will be replaced with new 4z acceptance detectors.

e SuperFGD : fully active plastic scintillator.

e High-Angle TPC: high resolution tracking of
charged particles.

e Time-of-Flight : Provide time information.

® Technical Design Report on arXiv:1901.03750

Inclusive
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Minerba Betancourt

MINERVA Results

(o)}
o

0.90< q3/GeV <1.20

0.60 < q /GeV <0.90

Inclusive Measurements
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NOVA - VHCCT[O Fan Gao

High statistics for this

unprecedented analysis

EM shower selection using CNN

A data-driven template fit has

N
-

been developed to estimate BG
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Various Constraints



Cross Section Constraints via e scattering
Wesley Ketchum

A DM detector for the benefit on neutrino

Promising capabilities for:

- QGreat forward angle coverage i

12 = — GENIE v2 _
Eoss 9,=5°- 7.5° — GENIE v3 .
. — 10k — GiBUU v2017 =
Wp separation : GiBUUV019
< 8 —
- neutron detection = L E
2p 1 —

- Exact pre-vertex energy measurement £ —_

Interesting expected phase space

Stay tuned for news from test beam at CERN



Afroditi Papadopoulou
Cross Section Constraints via e scattering

€4l @ cLas

Disagreement shown 1n reconstructed

energy C@1.16GeV
Especially for high energies, heavy nuclei =z
and events with high pT Y
New results showing differences also 1n
TKI dlstnbutl()ns A _r GeV, Bot, < 45° “102 € @2.257 GeV, 135° < 8ot < 180°
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More to come including neutrons
20
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Cross Section Constraints - neutron CS

Ciro Riccio

Super-FGD
The 3d cubed scintillator detector

@ 0-800 MeV neuron beam LANL

Neutron Cross Section vs Neutron Energy

0.9 ———— .
. c Total Uncertainty
Measured n-CH cross section - J 0.8 Statistioal Uncertinty
8 0.7 """""""""""" """""""""""""""" Reconstructed Simulation
' -3 0.6 ................ _;
more to come! S A R N S R
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A

NNIE Jingbo Wang

The Accelerator Neutrino Neutron Interaction Experiment

26-

ton Gd-loaded Water Cherenkov detector

100 m downstream at the Booster Neutrino Beam line at Fermilab

Measure neutron multiplicity from neutrino-nucleus interactions

De;

ployed LAPPDs Micro-channel Plate-based fast-timing photodetectors

and

| WbBLS - Water-based Liquid Scintillators
. . LAPPD sees the BNB neutrinos!
Seeing neutrinos! 140p
, 120E
5 100
g 80F- FWHM = 1.6 ps
2 goE
o :
S 40
20}
T2 4 & & A0 12 14 18 18 20
time (us)
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ProtoDUNE-SP

Yinrul Liu

Towards measuring pion argon Cross section

Cross section extraction based on LArIAT method

90 cm

Incident 40cm

particles
—_

47 cm

- Je LArIAT LArTPC
<5x>=4.7mm (nottoscale)

AAAAAAAA

Stay tuned for data!

- M, is the mass of an argon atom
- N, is the Avogadro constant

- pis the density of liquid argon

- Ox is the thickness of the slice

- N,

— MAr In ]Vinc
péxNA N; inc — ]vint

Also using stopping

muons to constrain

inc 1S the number of incident beam pions in a slice

- N, is the number of beam pions which have

interaction in a slice

DUNE:ProtoDUNE-SP Reco cross-section Pion MC (1 GeV/c
1 T T I T 1 I T I 1 T T

—

1000

Using fake data

Geant4 input

800 [— .

g 600 [— e Al e =L I =
;é 400 :— —:
- %+ MC with reconstruction —

200 MC truth o

L L L | L L L | L L L | L L L |
0 200 400 600 800
Pion Kinetic Energy (MeV)

—_
o
o
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Tuning as a way of life Jon Paley

Following an overview on recent tunes
Paley brought interesting food for
thought:

* We will likely need to “tune” our predictions for a very long time to come. Note,
GEANT has been doing this for decades!

* The data-driven model-improvement cycle Many Years
Is extremely long, often on the time-scale of
o Data Model
of a decade. DUNE would really benefit if .
collection + development /

we can get started _now_ on getting high- analysis Mé improvement

quality nu+Ar xsec data at energies at and
above the Resonance. (Note: the 2x2 M v
demonstrator at FNAL is likelv insufficient.) any rears

* We should not forget that hadron+A cross section uncertainties are critical too!

* Modeling of secondary interactions (typically done via Geant) is important for
event selection efficiency calculations and hadron energy reconstruction.

24



Flux Constraints Jon Paley
E MPH AT\l(c Table top hadron production to improve neutrino flux prediction @

FNAL test beam facility

There’s already available data!
Currently collecting more to improve elastic and quasi elastic scattering

measurements
phase 2 place EMPHATIC on a motion table downstream of spare
NuMI target

e Claudia Delogu

nu Monitoring neutrino beam, by measuring leptons from pions and kaons

decay

( et Simulation showing promising results: adding tagger information lower
flux uncertainty from 6% to 1%

Currently building a demonstrator - stay tuned for the data

More from NA61/SHINE in WG3
25
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Flux Constraints Minerba Betancourt

Using neutrino electron scattering inside MINERRVA to constrain the

flux:

3.3% 1n neutrino mode

4."7% 1n antineutrino mode

0 electron

Strip Number (x-axis)
A
™ MoV

v
» . . a3
30 I R ey WM \
~ v -
:.' - . |

J =y 1 - - v v * * ” . . ” . . Y . . ” T T T T T 1
i L 1 14 | & ' [} 53 L L . y TE < 4 & 1 104 11 11¢

Module Number (z-axis)
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More to come



VvSTORM - neutrinos from stored muons

Collimated beam of neutrinos with known flux <1 %

for % level cross section and BSM search

- [
_Z | 6D cooling demonstrator V> Ve,
C S —— ~
“\,,J J,?;; 7 \77/"" D
Target / OCS = [ Detector
‘ — — —
« K
Potential to scan neutrino energy
I H nuSTORM Preliminary r H nuSTORM Preliminary
- Area normalised "R 'Area normalised o
5 3 B p, (GeVic) £ 16% ] S 3 B p, (GeVic) £ 16% ]
9 I 0.57 o I 0.57
= I 1.16 = 1.16
£ —1.80 £ —1.80
S —2.46 ] S 246
c - —3.12 . c - —3.12
3 2| —4.60 ] 3 2] —460
8 - —6.00 8 - —6.00
g . <ot
& S
% 2 | 4 6 % 2 T4
EY(GeV) EY(Gev)

Thinking of a joint facility with ENUBET at CERN

28  Considering NDGAr like detectors
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NINJA Takahiro Odagawa

Neutrino Interaction research with Nuclear emulation at J-PARC Acc

low-momentum charged hadrons from neutrino-nucleus interactions

From 2018 pilot run detecting protons from 200 MeV/c!

New measurements on the way

with H2O, D>0O Fe and CH targets including multiplecities

65 kg iron target run

.............................
- -4~ Data w/ stat. and total error -
40— i @ v, CC 2p2h @@, CC QE =
w F ¢ @l . CC RES v, CC COH =
2 r @ v, CCDIS 771 v, NC -
.g 30— 7 47, Backgrounds  —
N 'k 4% //s v int. uncertainty 5
> -— - i -
R, WAGASCI o L wn ‘
Wall MRD E -~ el
> F . 525
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C -
ol T |
o °F
g 2 - ——a—ai—3 3 3 L 1 7 e i
% 02 04 08 08 i T2 >14

Proton reconstructed momentum (GeV/c)

Proton Module WAGASCI



DSTau NA65S Elena Firu

Double king topology

Study tau neutrino from Ds decay S soures ,,ﬁ,qx(,eca‘ﬁ/ /

Ve .
fundamental input to v; experiment list “ """V””i‘”éis @\@/X
N pt .~
FASERv / SHIP XS

Jr
N

~5mm

Aims to decrease vy production ’ +- production study: DsTan (NAG3)

1 hadron production

systematics

/!

Nuclear Emulsions interlaid with

tungsten/molybdenum (lead/tungsten)

Data run 2021-2022

Expecting ~8 M events



CEvNS proposal

coherent elastic neutrino nucleus scattering propto N2
at the China Spallation Source CSNS

10.2 m from target, strong flux (1019 per cm?h per flavour)

Signal

100

— ~R11065 PMT
double side readout

» Csl: 3kg x4

Counts / PE half year

!

PTFE

— Dewar

Number of Photon Electrons (PE)
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SND@LHC

SCATTERING AND ~ 94
NEUTRINO DETECTOR
A

100 m rock

particles i N
----------------- - - o m .
.--R--'a-Tﬁ-d ------- . . \ P r
~ Residual hadrons LHC . -

Charged

—
-~
@ L
% | k
2
o®

LHC provides high energy neutrino in

all three types around E3 GeV
special consideration to the modelling

started running - stay tuned!

magnets ' AT'LAS
480 m pp collisions
290 fb-1

Neutrino interactions in SND@LHC

|
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Giving Back



Nuclear PDFs with neutrino DIS data!

Richard Ruiz

Plotted: ratio of BaseDimuChorus PDF to nCTEQ15WZSIHdeut VPB
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Relatively nice agreement, tension found in similar analysis with Fe



Coherent elastic neutrino nucleus scattering
Matteo Cadeddu

Coherent experiment using Ar, Csl and now also Gr

10, , :
Presenting an update to the neutron form factor and |
radius measurement Rn®!=54 +- 0.4 fm N i /
L |
4: 20
Complimentary measurement of atomic parity ; /
. . . 2_ Preliminar _
violation in Cs N / .
Oh . \/ ...............
5.0 5.5 6.0 6.5 7.0 7.5
R,(CsI) [fm]
More input on the neutrino properties = [ "— —
.| <213 x 1071 ug Dresden — II (CEvNS + ES), 3‘0_1 EEEEEEE%?
b, | <18 x 107"y CsI(CEVNS + ES) + Ar (CEvNS), Z 10° . “‘:;:'zjgﬁzgimg::::xf’ -

Te [keV] Methc
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Summary
The NuFACT community highly appreciate the need in

better understanding of VA interaction
Tremendous effort on

- Improving theory

- Implementation in event generators

- Producing reliable cross section measurement and use

external data to provide constraints

Implement
models

Improve

‘ models

Looking forward to

Generators

»

Utilize
generators

many more results to come and to meet again



